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1.0 Introduction

The Multicenter Evaluation of In Vitro Cytotoxicity (MEIC) program was organized by the

Scandinavian Society for Cell Toxicology in 1989.  MEIC was started with two goals.  The first

was to investigate the relevance of results from in vitro tests for predicting the acute toxic action

of chemicals in humans.  The second was to establish batteries of existing in vitro toxicity tests

as replacements for acute toxicity tests on animals (LD50).  Achievement of the second goal, the

practical and ethical one, was considered to be entirely dependent on a successful outcome of the

first, scientific goal.  At the same time, it was recognized that a demonstrated high relevance of

in vitro toxicity tests for human acute toxicity did not mean that all problems of replacement of

animal tests would be solved.  MEIC was a voluntary effort involving 96 international

laboratories that evaluated the relevance and reliability of in vitro cytotoxicity tests originally

developed as alternatives to or supplements for animal tests for acute systemic toxicity, chronic

systemic toxicity, organ toxicity, skin irritancy, or other forms of general toxicity.  In

establishing the framework for this program, a minimum of methodological directives was

provided in order to maximize protocol diversity among the participating laboratories.  The

collection of test method data was completed in 1996.  The multiple publications originating

from these studies are provided in chronological order in Section 12.  All in vitro toxicity test

results collected during MEIC are available on the Cytotoxicology Laboratory, Uppsala (CTLU)

website (www.ctlu.se) as a searchable database.

2.0 Test Chemicals

Fifty reference chemicals were selected for testing (Appendix 1).  Selection was based on the

availability of reasonably accurate human data on acute toxicity.  Due to the anticipated five-year

duration of MEIC, it was recognized that multiple samples (lots) of each chemical would be

needed.  However, it was decided that the chemicals would not be provided by a central supplier,

but rather that each laboratory would purchase each chemical at the highest purity obtainable

with the proviso that storage duration would be kept to a minimum.  The decision to not have a

central supplier was based on the rationale that most reference chemicals are drugs, which

presents fewer impurity problems.  It is also based on the recognition that the results would be

evaluated against human poisonings, which involve chemicals of different origin and purity.
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3.0 In Vitro Test Assays

By the end of the project in 1996, 39 laboratories had tested the first 30 reference chemicals in

82 in vitro assays, while the last 20 chemicals were tested in 67 in vitro assays (Appendix 2).

Slight variants of four of the assays were also used to test some chemicals.  The primary 82

assays included:

• Twenty human cell line assays utilizing Chang liver, HeLa, Hep 2, Hep G2, HFL1, HL-

60, McCoy, NB-1, SQ-5, and WI-1003 cells;

• Seven human primary culture assays utilizing hepatocytes, keratinocytes, and

polymorphonuclear leukocytes;

• Nineteen animal cell line assays utilizing 3T3, 3T3-L1, Balb 3T3, BP8, ELD, Hepa-

1c1c7,  HTC, L2, LLC-PK1, LS-292, MDBK, PC12h, and V79 cells;

• Eighteen animal primary culture assays utilizing bovine spermatozoa, chicken neurons,

mouse erythrocytes, rat hepatocytes, and rat muscle cells; and

• Eighteen ecotoxicological tests utilizing bacteria (Bacillus subtilis, Escherichia coli B,

Photobacterium phosphoreum, Vibrio fisheri), rotifer (Brachionus calyciflorus),

crustacea (Artemia salina, Daphnia magna, Streptocephalus proscideus), plant (Alium

cepa root, tobacco plant pollen tubes), and fish (trout hepatocytes, trout R1 fibroblast-like

cells).
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4.0 Assay Endpoints

The analyses conducted by the MEIC management team were based on in vitro toxicity data

presented as IC50 values (i.e., the dose estimated to reduce the endpoint in question by 50%)

(Appendix 2).

These values were generated by the participating laboratories and were not independently

verified; original data were not presented in the MEIC publications.  Thirty-eight of these assays

were based on viability, 29 on growth, and the remaining assays involved more specific

endpoints, such as locomotion, contractility, motility, velocity, bioluminescence, and

immobilization.  The endpoints assessed were based on exposure durations ranging from five

minutes to six weeks, and included:

• Cell viability as measured by the metabolism of 3-(4,5-dimethyl-2-thiazolyl)-2,5-

diphenyl-2H tetrazolium bromide (MTT), neutral red uptake (NRU), lactate

dehydrogenase (LDH) release, cell morphology, adenosine triphosphate (ATP) content or

leakage, trypan blue exclusion, viable cell count, tritiated-proline uptake, 86Rb leakage,

creatine kinase activity, and glucose consumption;

• Cell growth as measured by protein content, macromolecule content, cell number, pH

change, and optical density;

• Colony formation as measured by plating efficiency;

• An organotypic cellular endpoint (i.e., contractility of rat skeletel muscle cells);

• Motility and velocity for bovine sperm;

• Bioluminescence; and

• Mortality in lower eukaryotic organisms.
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5.0 Comparative Data

The types of comparative data used to evaluate the predictive accuracy of the in vitro IC50

toxicity data for human acute toxicity included:

• Oral rat and mouse LD50 values obtained from Registry of Toxic Effects of Chemical

Substances (RTECS) (Appendix 3, which contains rat and mouse LD50 data and average

human lethal dose data for the 50 MEIC chemicals, ranked in three consecutive tables

according to potency for rat, then mouse, and finally human.  It also contains an U.S.

Environmental Protection Agency (EPA) classification scheme for the acute toxicity of

chemicals in humans.);

• Acute oral lethal doses in humans obtained from nine reference handbooks (Appendix

4);

• Clinically measured acute lethal serum concentrations in humans obtained from ten

reference handbooks (Appendix 5);

• Acute lethal blood concentrations in humans measured post-mortem obtained from one

forensic handbook and six forensic tabulations (Appendix 6);

• Human pharmacokinetics following single doses, including absorption, peak time,

distribution/elimination curves, plasma half-life, distribution volume, distribution to

organs (notably brain), and blood protein binding (Appendix 7);

• Peaks from curves of an ~50% lethal blood/serum concentration over time after ingestion

(LC50 curves derived from human acute poisoning case reports) (Appendix 8);



NICEATM MEIC Program Overview Sept. 2000

5

• Qualitative human acute toxicity data, including lethal symptoms, main causes of death,

average time to death, target organs, presence of histopathological injury in target organs,

presence of toxic metabolites, and known or hypothetical mechanisms for the lethal

injury (Appendix 9).

Early in the MEIC project, the in vitro cytotoxicity results were compared with average lethal

blood concentrations (LCs) from acute human poisoning.  However, these LCs were of limited

value because they were averages of data with a wide variation due to different time between

exposure and sampling (clinical) or death (forensic medicine).  Therefore, a project was started

to collect published and unpublished (from poison information centers and medico-legal

institutes) case reports from human poisonings for the 50 MEIC reference chemicals that had

lethal or sublethal blood concentrations with known time between ingestion and sampling/death.

The aim was to compile enough case reports to be able to construct time-related lethal

concentration curves to be compared with the IC50 values for different incubation times in vitro.

The results from the project were presented and analyzed in a series of 50 MEIC monographs.

All monographs with sufficient case reports contain five tables presenting blood concentrations

and two figures presenting LC curves.  Three tables present (i) clinically measured, time-related

sublethal blood concentrations, (ii) clinically measured, time-related lethal blood concentrations,

and (iii) post-mortem, time-related blood concentrations.  In these tables, blood concentration

and the time interval between exposure and sampling for these concentrations are listed, as well

as other important information on the cases.  One table contains case reports with blood

concentrations without a known time after ingestion and one table presents average blood

concentrations calculated from the values presented in the other tables.  The two figures

presented in each of the monographs are scatter plots of sublethal and lethal blood

concentrations.  Based on these plots, concentration curves over time were drawn for the highest

no lethal concentrations (NLC100); the lowest lethal concentrations (LC0); and the median curve

between NLC100 and LC0, which is called the approximate LC50 even though it is not

equivalent to a 50% mortality.
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6.0 Statistical Analyses

The statistical analyses conducted by the MEIC management team involved:

• Principal components analysis (PCA);

• Analysis of Variance (ANOVA) and pairwise comparison of means using Tukey’s

method;

• Linear regression and ANOVA linear contrast analysis; and

• Multivariable partial least square (PLS) modeling with latent variables.

7.0 Results (based on IC50 response)

The MEIC management team, based on their analyses of the in vitro IC50 data, obtained the

following results:

• The 1st PCA component described 80% of the variance of all the cytotoxicity data.

• Tukey’s ANOVA indicated a similar sensitivity (~80%) for the assays.

• The toxicity of many chemicals increased with exposure time, making it necessary to

perform a test at several exposure times to fully characterize the cytotoxicity.

• In general, human cytotoxicity was predicted well by animal cytotoxicity.

• Prediction of human cytotoxicity by ecotoxicological tests was only fairly good.

• One organotypic endpoint (muscle cell contractility) gave different results to those

obtained with viability/growth assays.
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• Sixteen comparisons of similar test systems involving different cell types and exposure

times revealed similar toxicities, regardless of cell type.

• Nine of ten comparisons of test systems with identical cell types and exposure times

revealed similar toxicities, regardless of the viability or growth endpoint measurement

used.

• Nine comparisons of similar test systems employing different primary cultures and cell

lines indicated that they shared similar toxicities.

• A high correlation between an intracellular protein denaturation test and average human

cell line toxicity test suggested that denaturation may be a frequently occurring

mechanism in basal cytotoxicity.

The following results were based on comparisons between in vitro data and in vivo data:

• Simple human cell tests were shown to be relevant for human acute lethal action for as

many as 43 of the 50 MEIC reference chemicals (86%).  The exceptions were atropine,

digoxin, malathion, nicotine, cyanide, paracetamol, and paraquat -- all specific receptor-

mediated toxicants.

• A battery of three of these human cell line tests (nos. 1, 9, 5/16) was found to be highly

predictive (R2 = 0.77) of the peak human lethal blood concentrations (LC50) of

chemicals.  The prediction increased markedly (R2 = 0.83) when a simple algorithm

based on the knowledge of passage across the blood-brain barrier was used to adapt in

vitro to in vivo concentrations (Appendix 7).  The battery involved four endpoints and

two exposure times (protein content/24 hours; ATP content/24 hours; inhibition of

elongation of cells/24 hours; pH change/7 days).  Prediction was better than the

prediction of human lethal doses by rat and mouse LD50-values (R2 = 0.65).  The

correlation between calculated oral LD50 doses in rats and mice and acute lethal dose in

humans is presented graphically in Appendix 10, while the correlation between IC50
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values and peak lethal blood concentrations in humans is presented graphically in

Appendix 11.

• In the in vitro -- in vivo MEIC evaluation of chemicals that do easily not cross the blood-

brain barrier, the 24 hour cytotoxic concentrations for rapidly acting chemicals correlated

well with the human lethal peak blood concentrations, while the corresponding

cytotoxicity for the slow-acting chemicals did not correlate as well with the peak

concentrations.  The prediction of human toxicity by the tests of slow-acting chemicals

was much improved when 48-hour cytotoxic concentrations were compared with 48-hour

human lethal blood concentrations. Thus, an in vitro test providing a discrimination

between a rapid and a slow cytotoxic action would increase the predictive power of a cell

test battery on acute toxicity.

• The findings from both the in vitro-in vitro comparisons and the in vitro-in vivo

comparisons strongly supported the basal cytotoxicity concept.

8.0 MEIC Conclusions and Recommendations

Based on the analyses conducted, the MEIC management team made the following conclusions:

• The MEIC 1, 9, 5/16 test battery can be used directly as a surrogate for a LD50 test.

However, since the battery predicts lethal blood concentrations, not lethal dosages, it is

not a direct counterpart of the animal LD50 test.  Thus, the 1, 9, 5/16 battery must be

supplemented with data on gut absorption as well as the distribution volumes (Vd) of

chemicals.  Vd essentially depends on whether chemicals penetrate cells or not, and the

degree of accumulation in the cell for chemicals that enter cells.  Binding to proteins,

lipids, bone and intracellular matrix will also influence Vd.  Probably, a simple test of

accumulation in cells over time would provide adequate Vd data.  There is sufficient

*knowledge of kinetics and Vd to enable an evaluation of results from such an assay for

most of the 50 MEIC chemicals.



NICEATM MEIC Program Overview Sept. 2000

9

• An ongoing evaluation is being conducted to address the issue of predicting human oral

lethal doses rather than human lethal blood concentrations.  One MEIC manuscript in

preparation will focus on the importance of the kinetic determinants of target organs for

basal cytotoxicity.  A second MEIC manuscript will describe how human lethal doses

may be predicted by cellular tests on basal cytotoxicity (the 1, 9, 5/16 battery) and kinetic

data.

• If human lethal doses are shown to be well predicted by the 1, 9, 5/16 battery, when

combined with absorption and distribution data, a new but simple in vitro test to predict

distribution volumes must be developed.  An effective in vitro test on absorption is stated

to already exist.  Development of new in vitro methods is not addressed by MEIC, which

only evaluated existing methods.

• In MEIC, only two of the 50 reference chemicals (ethylene glycol and methanol) were

biotransformed to more toxic metabolites, contributing to the acute lethal action.  The

occurrence of toxic metabolites for the two chemicals did not affect the prediction of

human lethal peak concentrations by human cell line inhibitory concentrations, but

seemed to interfere with the correlation between in vitro delayed effects and the

prediction of later lethal effects of the chemicals.  These results confirm the proposed

usefulness of an in vitro test that could measure the formation and release of a toxic

metabolite by metabolically competent cells within the time frame of acute toxicity.  One

design of such a test would be to use human hepatocytes in co-cultures with a target cell

line.  Since so few metabolically active chemicals were tested in MEIC, future studies

will need to include additional metabolically activated chemicals.

9.0 Evaluation-Guided Development of In Vitro Tests (EDIT)

In recognition that additional in vitro tests were needed to enhance the accuracy of the proposed

in vitro battery for predicting human acute toxicity, a second voluntary multicenter program was

initiated by the CTLU.  The CTLU has designed a blueprint for an extended battery and has

invited all interested laboratories to develop the "missing" tests of this battery within the
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framework of the EDIT program (Appendix 12 and 13).  The EDIT research program is

published on the Internet (www.ctlu.se).  The aim of EDIT is to provide a full replacement of the

animal acute toxicity tests.  The most urgently needed developments are assays on the

accumulation of chemicals in cells (test of Vd), passage across the intestinal and blood-brain

barriers, and biotransformation to more toxic metabolites.  CTLU will provide interested

laboratories with human reference data and will evaluate results as single components of

complex models.  The Internet version of the general EDIT research program contains

additional, regularly updated information on the project.  Purported advantages of the project are

as follows.  First, the evaluation-guided test development in EDIT is rational since tests are

designed according to obvious needs and as elementary tests of single events integrated into

whole models, which is the potential strength of the in vitro toxicity testing strategy.  Second, the

direct testing of MEIC chemicals in newly developed in vitro assays will lead to a rapid

evaluation of the potential value of each assay.

10.0 Recommended Integration of MEIC/EDIT into the EPA High

Production Volume (HPV) Program

Dr. Ekwall, the principle scientist for the MEIC program, has provided several suggestions for

using MEIC results and the forthcoming EDIT results to reduce animal testing in the HPV

program.  These suggestions include the following:

1. Formal validation by ECVAM/ICCVAM of the existing 3 test MEIC battery.  If

considered validated, use of the battery to test every chemical in the HPV program

would provide inexpensive and useful supplementary data.

2. Evaluate some of the HPV chemicals in a battery of in vitro toxicity and toxicokinetic

tests on acute toxicity (EDIT and similar models) as follows:

• Engage poison information experts to select a set of HPV chemicals with sound

human acute toxicity data, including time-related lethal blood concentrations.
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• Give priority to standard testing of the same chemicals in the HPV program.

• Testing of the same chemicals in the newly developed in vitro systems (EDIT,

etc.), including modeling of acute toxicity by the new assays.

• Comparison of HPV standard animal data and the in vitro data with the human

data for the selected set of chemicals.

If the new in vitro  models can be shown to predict human acute toxicity better than

the HPV animal tests, in vitro  batteries may totally replace the animal acute toxicity

tests in further HPV testing.

11.0 MEIC Evaluation Guidelines Checklist

A complete and formal assessment of the validation status of MEIC in regard to the ICCVAM

evaluation guidelines would require the following to be reviewed and evaluated:

               ICCVAM Evaluation Guidelines

1.0  Introduction and Rationale of each Test Method

1.1  Scientific basis for each test method

1.1.1  Purpose of each proposed method, including the mechanistic basis

1.1.2  Similarities and differences of modes and mechanisms of action in each test
system as compared to the species of interest (e.g., humans for human health-
related toxicity testing).

1.2.  Intended uses of each proposed test method.

1.2.1  Intended regulatory use(s) and rationale.

1.2.2  Substitute, replace, or complement existing test methods.

1.2.3  Fits into the overall strategy of hazard or safety assessment.  If a component of a
tiered assessment process, indicate the weight that will be applied relative to
other measures.

1.2.4  Intended range of materials amenable to test and/or limits according to chemical
class or physico-chemical factors.

2.0  Proposed Each Test Method Protocol(s)

2.1  Detailed protocol for each test method, duration of exposure, know limits of use, and
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nature of the response assessed, including:

2.1.1  Materials, equipment, and supplies needed

2.1.2  Suggested positive or negative controls.

2.1.3  Detailed procedures for conducting the test

2.1.4  Dose-selection procedures, including the need for any dose range-finding
studies or acute toxicity data prior to conducting the test, if applicable;

2.1.5  Endpoint(s) measured

2.1.6  Duration of exposure

2.1.7  Known limits of use

2.1.8  Nature of the response assessed

2.1.9  Appropriate vehicle, positive and negative controls and the basis for their
selection

2.1.10  Acceptable range of vehicle, positive and negative control responses

2.1.11  Nature of the data to be collected and the methods used for data collection

2.1.12  Type of media in which data are stored

2.1.13  Measures of variability

2.1.14  Statistical or non-statistical method(s) used to analyze the resulting data
(including methods to analyze for a dose response relationship).  The
method(s) employed should be justified and described

2.1.15  Decision criteria or the prediction model used to classify a test chemical (e.g.,
positive, negative, or equivocal), as appropriate

2.1.16  Information that will be included in the test report

2.2  Basis for each test system

2.3  Confidential information

2.4  Basis for the decision criteria established for each test

2.5  Basis for the number of replicate and repeat experiments; provide the rationale if
studies are not replicated or repeated

2.6  Basis for any modifications to each proposed protocol that were made based on results
from validation studies

3.0  Characterization of Materials Tested

3.1  Rationale for the chemicals/products selected for evaluation.  Include information on
suitability of chemicals selected for testing, indicating any chemicals that were found
to be unsuitable

3.2  Rationale for the number of chemicals that were tested

3.3  The chemicals/products evaluated, including:

3.3.1.  Chemical or product name; if a mixture, describe all components.

3.3.2  CAS number(s)
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3.3.3  Chemical or product class

3.3.4  Physical/chemical characteristics

3.3.5  Stability of the test material in the test medium

3.3.6  Concentration tested.

3.3.7  Purity; presence and identity of contaminants.

3.3.8  Supplier/source of compound.

3.4  If mixtures were tested, constituents and relative concentrations should be provided
whenever possible

3.5  Describe coding used (if any) during validation studies.

4.0  Reference Data Used for Performance Assessment

4.1  Clear description of the protocol for the reference test method.  If a specific guideline
has been followed, it should also be provided.  Any deviation should be indicated,
including the rationale for the deviation.

4.2.  Provide reference data used to assess the performance of the proposed test method.

4.3  Availability of original datasheets for the reference data

4.4  Quality of the reference test data, including the extent of GLP compliance and any use
of coded chemicals.

4.5  Availability and use of relevant toxicity information from the species of interest.

5.0  Test Method Data and Results

5.1  Complete, detailed protocol used to generate each set of data for each proposed test
method.  Any deviations should be indicated, including the rationale for the deviation.
Any protocol modifications made during the development process and their impact
should be clearly stated for each data set.

5.2  Provide all data obtained using each proposed test method.  This should include copies
of original data from individual animals and/or individual samples, as well as derived
data.  The laboratory’s summary judgement as to the outcome of each test should be
indicated.  The submission should also include data (and explanations) from
unsuccessful, as well as successful, experiments.

5.3  Statistical approach used to evaluate the data from each proposed test method

5.4  Provide a summary, in graphic or tabular form, of the results.

5.5  For each set of data, indicate whether coded chemicals were tested, experiments were
conducted blind, and the extent to which experiments followed GLP procedures.

5.6  Indicate the lot-to-lot consistency of the test materials, the time frame of the various
studies, and the laboratory in which the study or studies were done.  A coded
designation for each laboratory is acceptable.

5.7  Any data not submitted should be available for external audit, if requested

6.0  Test Method Performance Assessment

6.1  Describe performance characteristics (e.g., accuracy, sensitivity, specificity, positive
and negative predictivity, and false positive and negative rates) of each proposed test
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method separately and in combination compared with the reference test method
currently accepted by regulatory agencies for the endpoint of interest.  Explain how
discordant results from each proposed test were considered when calculating
performance values.

6.2  Results that are discordant with results from the reference method.

6.3  Performance characteristics of each proposed test method compared to data or
recognized toxicity from the species of interest (e.g., humans for human health-related
toxicity testing), where such data or toxicity classification is available.  In instances
where the proposed test method was discordant from the reference test method,
describe the frequency of correct predictions of each test method compared to
recognized toxicity information from the species of interest.

6.4  Strengths and limitations of the method, including those applicable to specific
chemical classes or physical/chemical properties

6.5  Salient issues of data interpretation, including why specific parameters were selected
for inclusion

7.0  Test Method Reliability (Repeatability/Reproducibility)

7.1  Rationale for the chemicals selected to evaluate intra- and inter-laboratory
reproducibility for each test method, and the extent to which they represent the range
of possible test outcomes.

7.2  Analyses and conclusions reached regarding inter- and intra-laboratory repeatability
and reproducibility for each test method

7.3  Summarize historical positive and negative control data for each test method,
including number of trials, measures of central tendency and variability.

8.0  Test Method Data Quality

8.1  Extent of adherence to GLPs

8.2.  Results of any data quality audits

8.3  Impact of deviations from GLPs or any non-compliance detected in data quality audits

9.0  Other Scientific Reports and Reviews

9.1  All data from other published or unpublished studies conducted using the proposed test
method should be included.

9.2  Comment on and compare the conclusions published in independent peer-reviewed
reports or other independent scientific reviews of the test method.  The conclusions of
such scientific reports and/or reviews should be compared to the conclusions reached
in this submission.  Any other ongoing evaluations of the method should be
mentioned.

10.0  Animal Welfare Considerations (Refinement, Reduction, and Replacement)

10.1  Describe how the proposed test methods will refine (reduce pain or distress), reduce,
and/or replace animal use compared to the current methods used.

11.0  Other Considerations

11.1  Aspects of test method transferability.  Include an explanation of how this compares
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to the transferability of the reference test method.

11.1.1  Facilities and major fixed equipment needed to conduct the test.

11.1.2  Required level of training and expertise needed for personnel to conduct the
test.

11.1.3  General availability of other necessary equipment and supplies.

11.2  Cost involved in conducting each test.  Discuss how this compares to the cost of the
reference test method.

11.3  Indicate the amount of time needed to conduct each test and discuss how this
compares with the reference test method.

12.0  Supporting Materials

12.1  Provide copies of all relevant publications, including those containing data from the
proposed test method or the reference test method.

12.2  Include all available non-transformed original data for both each proposed test
method and the reference test method.

12.3  Summarize and provide the results of any peer reviews conducted to date, and
summarize any other ongoing or planned reviews.

12.4  Availability of laboratory notebooks or other records for an independent audit.
Unpublished data should be supported by laboratory notebooks.
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I-1

First Fifty Reference Chemicals

Acetaminophen
Aspirin
Ferrous sulfate
Diazepam
Amitriptyline
Digoxin
Ethylene glycol
Methyl alcohol
Ethyl alcohol
Isopropyl alcohol
1,1,1-Trichloroethane
Phenol
Sodium chloride
Sodium fluoride
Malathion
2,4-Dichlorophenoxyacetic acid
Xylene
Nicotine
Potassium cyanide
Lithium sulfate
Theophylline
Dextropropoxyphene HCl
Propranolol HCl
Phenobarbital
Paraquat

Arsenic trioxide
Cupric sulfate
Mercuric chloride
Thioridazine HCl
Thallium sulfate
Warfarin
Lindane
Chloroform
Carbon tetrachloride
Isoniazid
Dichloromethane
Barium nitrate
Hexachlorophene
Pentachlorophenol
Varapamil HCl
Chloroquine phosphate
Orphenadrine HCl
Quinidine sulfate
Diphenylhydantoin
Chloramphenicol
Sodium oxalate
Amphetamine sulfate
Caffeine
Atropine sulfate
Potassium chloride
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Source: Clemedson et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part IV.  ATLA

26:131-183



NICEATM MEIC Program Overview Sept. 2000
Appendix 2

II-2



NICEATM MEIC Program Overview Sept. 2000
Appendix 2

II-3



NICEATM MEIC Program Overview Sept. 2000
Appendix 2

II-4



NICEATM MEIC Program Overview Sept. 2000
Appendix 2

II-5



NICEATM MEIC Program Overview Sept. 2000
Appendix 2

II-6



NICEATM MEIC Program Overview Sept. 2000
Appendix 3

III-1

Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
Rat LD50 Mouse LD50 Ave. Human DoseChemical

Number
Chemical

mg/kg umol/kg mg/kg umol/kg mg/kg umol/kg
28 Mercuric chloride 1 4 6 22 25.7 94.7

31 Warfarin 2 5 3 10 107.1 347.4

18 Potassium cyanide 5 77 9 131 2.9 43.9

26 Arsenic trioxide 15 74 31 159 4.1 20.9

30 Thallium sulfate 16 32 24 47 14.0 27.7

39 Pentachlorophenol 27 101 28 105 28.6 107.3

6 Digoxin 28 36 18 23 0.1 0.17

17 Nicotine 50 308 3 21 0.7 4.4

13 Sodium fluoride 52 1238 57 1357 92.8 2210.9

47 Amphetamine sulfate 55 149 24 65 20.0 54.3

38 Hexachlorophene 56 138 67 165 214.3 526.6

32 Lindane 76 261 44 151 242.9 835.1

21 Propoxyphene HCL 84 223 255 678 24.6 65.4

25 Paraquat 100 537 120 644 40.0 214.7

40 Varapamil HCL 108 220 163 331 122.3 249.1

23 Penobarbital 162 697 137 590 111.4 479.7

48 Caffeine 192 989 127 654 135.7 698.8

2 Acetylsalicylic acid 200 1110 232 1287 385.7 2140.5

20 Theophylline 244 1354 235 1304 157.1 872.1

42 Orphenadrine HCL 255 834 100 327 50.0 163.4

43 Quinidine sulfate 258 610 286 676 79.2 187.4

14 Malathion 290 878 190 575 742.8 2248.4

11 Phenol 317 3369 270 2869 157.2 1670.0

3 Ferrous sulfate 319 2100 680 4477 392.1 2581.0

5 Amitriptyline 320 1154 140 505 37.1 133.8

4 Diazepam 352 1236 45 159 71.4 250.8

37 Barium nitrate 355 1358 266 1016 37.1 142.1

15 2,4-Dichlorophenoxy-acetic
acid

375 1697 347 1570 385.8 1745.3

22 Propamolol HCL 466 1575 320 1082 71.5 241.7

27 Cupric sulfate 469 1880 502 2012 290.6 1163.6

19 Lithium sulfate 492 4478 1190 10,828 1065.5 9691.8

49 Altropine sulfate 585 864 456 674 1.7 2.5

41 Chloroquine phosphate 623 1208 500 969 84.3 163.4

33 Chloroform 908 7605 36 302 999.8 8375.2

29 Thioridazine HCL 995 2445 385 946 68.6 1684

35 Isoniazid 1250 9117 133 970 171.5 1250.4

36 Dichloromethane 1601 18,846 873 10,280 1386.2 16,321.7

44 Diphenylhydantoin 1635 6480 150 595 300.0 1189.1

34 Carbon tetrachloride 2350 15,280 8264 53,726 1314.4 8545.4

1 Paracetamol 2404 15,899 338 2235 271.4 1795.2

45 Chloramphenicol 2500 7735 1500 4641 285.7 884.0

50 Potassium chloride 2598 34,853 1499 20,107 285.5 3830.0

12 Sodium chloride 3002 51,370 4003 68,493 2287.3 39,138.9

16 Xylene 4299 40,490 2119 19,953 899.8 8474.6

7 Ethylene glycol 4698 75,684 5498 88,567 1570.9 25,304.8

8 Methanol 5619 175,327 7289 227,414 1569.0 48,954.2
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III-2

Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
9 Ethanol 7057 153,145 3448 74,837 4712.2 102,262.2

46 Sodium oxalate 11160 83,284 5095 38,019 357.1 2665.3

10 1,1,1-Trichloroethane 11196 83,927 7989 59,884 5707.6 42,785.8

Source: E. Walum.  1998.  Acute oral toxicity.  EHP 106:497-503
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Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
Rat LD50 Mouse LD50 Ave. Human DoseChemical

Number
Chemical

mg/kg umol/kg mg/kg umol/kg mg/kg umol/kg
31 Warfarin 2 5 3 10 107.1 347.4
17 Nicotine 50 308 3 21 0.7 4.4
28 Mercuric chloride 1 4 6 22 25.7 94.7
18 Potassium cyanide 5 77 9 131 2.9 43.9
6 Digoxin 28 36 18 23 0.1 0.2

30 Thallium sulfate 16 32 24 47 14.0 27.7
47 Amphetamine sulfate 55 149 24 65 20.0 54.3
39 Pentachlorophenol 27 101 28 105 28.6 107.3
26 Arsenic trioxide 15 74 31 159 4.1 20.9
33 Chloroform 908 7605 36 302 999.8 8375.2
32 Lindane 76 261 44 151 242.9 835.1
4 Diazepam 352 1236 45 159 71.4 250.8

13 Sodium fluoride 52 1238 57 1357 92.8 2210.9
38 Hexachlorophene 56 138 67 165 214.3 526.6
42 Orphenadrine HCL 255 834 100 327 50.00 163.4
25 Paraquat 100 537 120 644 40.00 214.7
48 Caffeine 192 989 127 654 135.7 698.8
35 Isoniazid 1250 9117 133 970 171.5 1250.4
23 Penobarbital 162 697 137 590 111.4 479.7
5 Amitriptyline 320 1154 140 505 37.1 133.8

44 Diphenylhydantoin 1635 6480 150 595 300.0 1189.1
40 Varapamil HCL 108 220 163 331 122.3 249.1
14 Malathion 290 878 190 575 742.8 2248.4
2 Acetylsalicylic acid 200 1110 232 1287 385.7 2140.5

20 Theophylline 244 1354 235 1304 157.1 872.1
21 Propoxyphene HCL 84 223 255 678 24.6 65.4
37 Barium nitrate 355 1358 266 1016 37.1 142.1
11 Phenol 317 3369 270 2869 157.2 1670.0
43 Quinidine sulfate 258 610 286 676 79.2 187.4
22 Propamolol HCL 466 1575 320 1082 71.5 241.7
1 Paracetamol 2404 15,899 338 2235 271.4 1795.2

15 2,4-Dichlorophenoxy-acetic 375 1697 347 1570 385.8 1745.3
29 Thioridazine HCL 995 2445 385 946 68.6 168.5
49 Altropine sulfate 585 864 456 674 1.7 2.5
41 Chloroquine phosphate 623 1208 500 969 84.3 163.4
27 Cupric sulfate 469 1880 502 2012 290.6 1163.6
3 Ferrous sulfate 319 2100 680 4477 392.1 2581.0

36 Dichloromethane 1601 18,846 873 10,280 1386.2 16,321.7
19 Lithium sulfate 492 4478 1190 10,828 1065.5 9691.8
50 Potassium chloride 2598 34,853 1499 20,107 285.5 3830.0
45 Chloramphenicol 2500 7735 1500 4641 285.7 884.0
16 Xylene 4299 40,490 2119 19,953 899.8 8474.6
9 Ethanol 7057 153,145 3448 74,837 4712.2 102,262.2

12 Sodium chloride 3002 51,370 4003 68,493 2287.3 39,138.9
46 Sodium oxalate 11160 83,284 5095 38,019 357.1 2665.3
7 Ethylene glycol 4698 75,684 5498 88,567 1570.9 25,304.8
8 Methanol 5619 175,327 7289 227,414 1569.0 48,954.2

10 1,1,1-Trichloroethane 11196 83,927 7989 59,884 5707.6 42,785.8
34 Carbon tetrachloride 2350 15,280 8264 53,726 1314.4 8545.4

Source: E. Walum.  1998.  Acute oral toxicity.  EHP 106:497-503
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Oral LD50 Doses for Rat and Mouse and Mean Oral Lethal Doses for Humans
Rat LD50 Mouse LD50 Ave. Human DoseChemical

Number
Chemical

mg/kg umol/kg mg/kg umol/kg mg/kg umol/kg
6 Digoxin 28 36 18 23 0.1 0.2

17 Nicotine 50 308 3 21 0.7 4.4
49 Altropine sulfate 585 864 456 674 1.7 2.5
18 Potassium cyanide 5 77 9 131 2.9 43.9
26 Arsenic trioxide 15 74 31 159 4.1 20.9
30 Thallium sulfate 16 32 24 47 14.0 27.7
47 Amphetamine sulfate 55 149 24 65 20.0 54.3
21 Propoxyphene HCL 84 223 255 678 24.6 65.4
28 Mercuric chloride 1 4 6 22 25.7 94.7
39 Pentachlorophenol 27 101 28 105 28.6 107.3
5 Amitriptyline 320 1154 140 505 37.1 133.8

37 Barium nitrate 355 1358 266 1016 37.1 142.1
25 Paraquat 100 537 120 644 40.0 214.7
42 Orphenadrine HCL 255 834 100 327 50.0 163.4
29 Thioridazine HCL 995 2445 385 946 68.6 168.5
4 Diazepam 352 1236 45 159 71.4 250.8

22 Propamolol HCL 466 1575 320 1082 71.5 241.7
43 Quinidine sulfate 258 610 286 676 79.2 187.4
41 Chloroquine phosphate 623 1208 500 969 84.3 163.4
13 Sodium fluoride 52 1238 57 1357 92.8 2210.9
31 Warfarin 2 5 3 10 107.1 347.4
23 Penobarbital 162 697 137 590 111.4 479.7
40 Varapamil HCL 108 220 163 331 122.3 249.1
48 Caffeine 192 989 127 654 135.7 698.8
20 Theophylline 244 1354 235 1304 157.1 872.1
11 Phenol 317 3369 270 2869 157.2 1670.0
35 Isoniazid 1250 9117 133 970 171.5 1250.4
38 Hexachlorophene 56 138 67 165 214.3 526.6
32 Lindane 76 261 44 151 242.9 835.1
1 Paracetamol 2404 15,899 338 2235 271.4 1795.2

50 Potassium chloride 2598 34,853 1499 20,107 285.5 3830.0
45 Chloramphenicol 2500 7735 1500 4641 285.7 884.0
27 Cupric sulfate 469 1880 502 2012 290.6 1163.6
44 Diphenylhydantoin 1635 6480 150 595 300.0 1189.1
46 Sodium oxalate 11160 83,284 5095 38,019 357.1 2665.3
2 Acetylsalicylic acid 200 1110 232 1287 385.7 2140.5

15 2,4-Dichlorophenoxy-acetic 375 1697 347 1570 385.8 1745.3
3 Ferrous sulfate 319 2100 680 4477 392.1 2581.0

14 Malathion 290 878 190 575 742.8 2248.4
16 Xylene 4299 40,490 2119 19,953 899.8 8474.6
33 Chloroform 908 7605 36 302 999.8 8375.2
19 Lithium sulfate 492 4478 1190 10,828 1065.5 9691.8
34 Carbon tetrachloride 2350 15,280 8264 53,726 1314.4 8545.4
36 Dichloromethane 1601 18,846 873 10,280 1386.2 16,321.7
8 Methanol 5619 175,327 7289 227,414 1569.0 48,954.2
7 Ethylene glycol 4698 75,684 5498 88,567 1570.9 25,304.8

12 Sodium chloride 3002 51,370 4003 68,493 2287.3 39,138.9
9 Ethanol 7057 153,145 3448 74,837 4712.2 102,262.2

10 1,1,1-Trichloroethane 11196 83,927 7989 59,884 5707.6 42,785.8
Source: E. Walum.  1998.  Acute oral toxicity.  EHP 106:497-503
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Toxicity Categories

Category Signal Word Oral LD50

(mg/kg)
Dermal LD50

(mg/kg)
Inhalation

LD50 (mg/L)2
Oral Lethal

Dose
Eye Irritation

I - Highly Toxic DANGER,
POISON (skull
& crossbones),
WARNING

0 to 50 0 to 200 0 to 0.05 A few drops to
a teaspoonful

Corrosive
(irreversible
destruction of ocular
tissue) or corneal
involvement or
irritation persisting
for more than 21 days

II - Moderately
Toxic

CAUTION >50 to 500 >200 to 2,000 > 0.05 to 0.5 Over a
teaspoonful to
one ounce

Corneal involvement
or irritation clearing
in 8-21 days

III - Slightly
Toxic

CAUTION >500 to 5,000 >2,000 to
20,000

>0.5 to 2 Over one ounce
to one pint

Corneal involvement
or irritation clearing
in 7 days or less

IV - Relatively
Non-toxic

none >5,000 >20,000 > 2 Over one pint
to one pound

Moderate irritation at
72 hours (moderate
erythema)

1 EPA/OPP does not currently use the inhalation toxicity values in 40 CFR 150.10(h).  Instead, OPP uses values are from a 2/1/94 Health Effects Division paper
entitiled “Interim Policy for Particle Size and Limit Concentration Issues in Inhalation Toxicity Studies”.
2 Four hour exposure.

Sources:
(1) U.S. EPA, Office of Pesticide Programs.  Label Review Manual.  Chapter 8:  Precautionary Labeling.  http://www.epa.gov/oppfead1/labeling/lrm/chap-0.8.htm.
(2) National Ag Safety Database.  Toxicity of Pesticides.  http://www.cdc.gov/niosh/nasd/docs2/as18700.html.
(3) 40 CFR 156.10(h) – Labeling Requirements for Pesticides and Devices.  Warnings and precautionary statements.
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IV-1

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616.
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IV-2
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V-1

Source: Ekwall et al. 1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616.
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V-2
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V-3
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VI-1

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616.
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VI-2
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VI-3
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VI-4
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VII-1

Source:  Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616.
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VII-2
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VII-3
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VIII-1

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616.
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VIII-2
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IX-1

Source: Ekwall et al.  1998.  MEIC Evaluation of Acute Systemic Toxicity.  Part V.  ATLA

26:571-616
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IX-2
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IX-5
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IX-7
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X-1

Source: Ekwall et al.  1999.  MEIC Evaluation of Acute Systemic Toxicity.  Part VIII.
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XI-1

Source: Ekwall et al.  1999.  MEIC Evaluation of Acute Systemic Toxicity.  Part VIII.
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XII-1

Source: Ekwall et al.  1999.  EDIT: A new international multicentre programme to develop and evaluate

batteries of in vitro tests for acute chronic systemic toxicity.  ATLA 27:339-349.
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XIII-1

Source: Ekwall et al.  1999.  EDIT: A new international multicentre programme to develop and evaluate

batteries of in vitro tests for acute chronic systemic toxicity.  ATLA 27:339-349.


